Introduction
============

The occurrence of liver metastases in patients affected by colorectal cancer (CRC) typically heralds a bad prognosis. Despite consistent therapeutic improvements that have been achieved over the last decade, the average survival for patients bearing inoperable or diffuse hepatic metastases is around 24 months.[@R1] As these patients are typically treated with palliative chemotherapy, the cost on their quality of life is very high. In addition, first-line therapies against CRC have been associated with rates are around 50--60%.[@R2]^,^[@R3] It is therefore crucial to identify parameters that predict chemotherapeutic responses in these patients. We have recently reported an analysis of immune cell infiltration in specimens from CRC hepatic metastases and their relationship with disease outcome upon treatment.[@R4] As recent data obtained in lung metastases suggest, the density of tumor-infiltrating lymphocytes may be similar in primary lesions and distant metastases. The immune infiltrate is recognized as an important parameter that determine the clinical course of CRC patients.[@R5]^-^[@R11] In particular, the presence of high levels of effector T cells has been repeatedly identified as a key prognostic factor.[@R12]^-^[@R17] However, fundamental differences exist in the local microenvironment of primary tumors and their metastases, especially in the case of CRC hepatic metastases.[@R18]^-^[@R20]

With respect to the prognostic value of the immune cell infiltrate, it is still unclear whether primary CRC lesions and their hepatic metastases contain a similar immune infiltrate. In other words: would it be possible to derive the immune signatures of hepatic metastases by studying primary lesions? To get further insights into this issue, we addressed four questions that are crucial for the determination of immunological profiles. First, is there a positional heterogeneity with regard to the density of the immune infiltrate? That is, is the density of the immune infiltrate on opposite sides of the same metastatic lesion similar or not? Second, is the density of the immune infiltrate similar in different sections of the same metastasis? Third, is the cytokine and chemokine profile observed on opposite sides of the same metastatic lesion concordant? Forth, is the immune profile of concurring hepatic metastases always homogeneous? Our analytical approach is depicted in [Figure 1](#F1){ref-type="fig"}.

![**Figure 1.** Analytical steps. (**A**) Workflow for immune cell quantification, cytokine analysis and subsequent generation of a prognostic profile. (**B**) Analysis of opposite sides of a metastatic lesion. (**C**) Analysis of serial sections of a metastatic lesion.](onci-2-e24116-g1){#F1}

Results
=======

Average CD3^+^ cell densities converge during the analysis of larger tissue areas
---------------------------------------------------------------------------------

In a stepwise approach, we quantified CD3^+^ T cells in primary CRC lesions, increasing the number of evaluated fields, using an imaginary overlaying grid. Beginning with a single field of 1 mm^2^, numerous randomly selected fields from the complete section were added, and the resulting average cell density was noted. Typically, after analyzing five or more fields, the measured average cell density reached a point after which the analysis of additional fields did not change the average value significantly ([Fig. 2](#F2){ref-type="fig"}). Further detailed studies will determine the "minimal required tissue area for analysis" for each staining. A precise definition of this parameter would indeed allow for precisely planning tissue requirements for immunohistochemical studies and---as a consequence---for determining the size of patient cohorts to be involved in investigational clinical trials.

![**Figure 2.** Convergence of the average cell number with increasing surface tissue area. The circles on the vertical lines indicate the possible resulting average cell number. Increasing the number of analyzed 1 mm^2^ fields (as indicated on the x-axis) results in a stabilization of the average cell number for a given tissue section.](onci-2-e24116-g2){#F2}

The immune infiltrate of primary CRC lesions and corresponding hepatic metastases are heterogeneous
---------------------------------------------------------------------------------------------------

A set of 16 pairs of samples was used for this analysis, consisting of 16 primary CRC lesions and corresponding hepatic metastases (from the same patients). The intensity of the immune infiltrate in primary tumors and the corresponding metastases is reported in [Table 1](#T1){ref-type="table"}. [Figure 3](#F3){ref-type="fig"} depicts four examples from this data set, showing the three parameters that we have investigate (i.e., the abundance of CD3^+^, CD3^+^ and granzyme B^+^ cells) for each pair. To exemplify the prognostic relevance of the immune infiltrates in this setting, [Figure 4](#F4){ref-type="fig"} shows the differences between the density of the immune infiltrate for these paired specimens based on a favorable or unfavorable prognostic signature related to the center of primary lesions and the invasive margins of metastases. Data on the center of metastatic lesions were excluded as it has previously been shown that the density of immune cells in this compartment and clinical outcome fail to correlate.[@R4] In general, the numbers of lymphocytes infiltrating the core of metastatic lesions are rather low, especially as compared the abundance of T cells infiltrating primary lesions. Galon et al. have shown that the invasive margins of primary CRC lesions can be studied to obtain prognostic information linked to the tumor core, that is, to determine if the lesion exhibit a favorable or unfavorable immunological profile, yet with different cut-off values.[@R15] We used these cut-off values for the cores of primary lesions the cut-off values as defined by Halama et al. for hepatic metastases.[@R4]

###### **Table 1.** Cell densities in primary tumors and metastases

  N°       Location           CD3^+^    CD8^+^   Granzyme B+   Profile^+^   Immune score LiverMet\*
  -------- ------------------ --------- -------- ------------- ------------ -------------------------
  1        Primary tumor      102,67    13,00    9,33          −             
           Liver metastasis   778,50    396,00   197,39                     \+
                                                                             
  2        Primary tumor      17,00     8,00     13,50         −             
           Liver metastasis   971,00    581,00   80,02                      \+
                                                                             
  3        Primary tumor      925,60    127,60   108,80        \+            
           Liver metastasis   364,67    307,20   156,66                     \+
                                                                             
  4        Primary tumor      406,50    74,50    20,00         −             
           Liver metastasis   814,00    407,00   45,00                      \+
                                                                             
  5        Primary tumor      619,67    187,67   22,00         \+            
           Liver metastasis   1034,00   187,33   202,77                     \+
                                                                             
  6        Primary tumor      316,00    96,50    15,33         \+            
           Liver metastasis   1252,67   609,00   71,33                      \+
                                                                             
  7        Primary tumor      757,20    112,50   85,00         \+            
           Liver metastasis   479,75    394,00   22,08                      \+
                                                                             
  8^\#^    Primary tumor      230,40    20,80    13,60         −             
           Liver metastasis   858,33    505,00   72,30                      \+
                                                                             
  9        Primary tumor      314,00    135,50   12,00         \+            
           Liver metastasis   1019,33   500,00   95,11                      \+
                                                                             
  10       Primary tumor      428,00    67,00    18,50         −             
           Liver metastasis   388,67    251,00   22,00                      −
                                                                             
  11^\#^   Primary tumor      670,50    92,21    31,50         \+            
           Liver metastasis   667,00    335,00   87,15                      \+
                                                                             
  12^\#^   Primary tumor      210,67    166,00   22,62         −             
           Liver metastasis   432,33    32,00    3,79                       −
                                                                             
  13       Primary tumor      693,23    305,91   55,21                       
           Liver metastasis   888,20    213,64   32,75                      \+
                                                                             
  14^\#^   Primary tumor      789,05    278,20   49,30         \+            
           Liver metastasis   101,81    97,02    15,2                       −
                                                                             
  15       Primary tumor      821,10    198,20   101,10        \+            
           Liver metastasis   161,66    127,77   9,25                       −
                                                                             
  16       Primary tumor      991,71    295,91   71,01         \+            
           Liver metastasis   130,82    91,02    8,91                       −

^+^ According to Galon et al.; \*according to Halama et al., +, good profile; −, bad profile; \#, patient data depicted in [Figure 3](#F3){ref-type="fig"}.

![**Figure 3.** Immune cell infiltration of primary colorectal carcinoma lesions and hepatic colorectal carcinoma metastases. (**A--D**) Triangles represent the amount of CD3^+^,CD8^+^ and granzyme B^+^ cells detected in primary tumors and the corresponding metastasis. All axes show cell density (cells/mm^2^) and have the same scale.](onci-2-e24116-g3){#F3}

![**Figure 4.** Prognostic signature of immune cell infiltration in primary colorectal carcinoma lesions and hepatic colorectal carcinoma metastases. CD3^+^,CD8^+^ and granzyme B^+^ cell densities were translated into a favorable (good) or unfavorable (bad) prognostic signature as described by Galon et al. and Halama et al. Each of presented doublets (P, primary tumor; M, metastasis) represents the samples of a single patient. Green, favorable signature; Red, unfavorable signature.](onci-2-e24116-g4){#F4}

The immune infiltrate of metastatic lesions is homogeneous across serial tumor sections
---------------------------------------------------------------------------------------

By comparing three serial tissue sections with a spacing of 30 μm between adjacent slides ([Fig. 1C](#F1){ref-type="fig"}), we observed an elevated degree of homogeneity in immune cell infiltration. A variation of 3--5% across all three sections was noted (Sperman's correlation coefficient R = 0.95, p = 0.002,), which persisted when all three layers (1 to 2, 1 to 3 and 2 to 3) were compared.

The density of the immune infiltrate on opposite sides of metastatic lesions is nearly identical
------------------------------------------------------------------------------------------------

Comparing whole slide sections from opposite sides of the same hepatic CRC metastases ([Fig. 1B](#F1){ref-type="fig"}) revealed a high concordance of immune infiltration (details can be found in [Table 2](#T2){ref-type="table"}). A variation of 5--10% was noted, with a Spearman's correlation coefficient of R = 0.9 (p = 0.001). These data indicate that the amount of immune cells infiltrating single lesions is homogeneous, provided that it is evaluated on a sufficient tissue surface. Thus, the quantification of the immune infiltrate in a single tumor section can be taken as representative for the whole lesion.

###### **Table 2.** TNM classification and prognostic profile (based on immune cell densities)\*

  TNM classification (primary tumor)   Primary tumor vs. metastasis classification   Timing of diagnosis of metastatic lesions
  ------------------------------------ --------------------------------------------- -------------------------------------------
  pT3 pN2 (8/36) M1 GII                Concordant                                    Synchronous
  pT3 pN2 (13/28) L1 M1 GIII           Concordant                                    Synchronous
  pT4 N0 M0 GIII                       Concordant                                    Metachronous
  pT4 pN2 V1 pM1 GIII                  Discordant                                    Synchronous
  pT3 pN1(2/13) M1 GII                 Concordant                                    Synchronous
  pT2 pN1 (1/13) M1 L1 GII             Concordant                                    Synchronous
  pT3 pN2 (15/15) M1 GII               Discordant                                    Synchronous
  pT4 pN1 M1                           Discordant                                    Synchronous
  pT2 N0 M1 GII                        Concordant                                    Synchronous
  pT3 pN1 (3/16) M1 GII                Discordant                                    Synchronous
  pT4 pN0 M0 GII                       Discordant                                    Metachronous

Calculated comparing primary lesions and liver metastases. Average age is 57.9 y (range 40--73).

Cytokines and chemokines in opposite zones of metastatic lesions are nearly identical
-------------------------------------------------------------------------------------

Comparing fresh frozen tissue from opposite sides of the same metastatic lesions revealed a high concordance in terms of cytokine and chemokine levels. The following cytokines were measured in two metastatic lesions: interleukin (IL)-1α, IL-2Rα, IL-3, IL-12p40, IL-16, IL-18, interferon α2 (IFNα2), CCL7 (MCP-3), CCL27 (CTACK), CXCL1 (GROα), CXCL9 (MIG), CXCL12 (SDF1α), CLEC11A (SCGF), KIT ligand (KITL, also known as SCF), hepatocyte growth factor (HGF), nerve growth factor (NGF), leukemia inhibitory factor (LIF), macrophage colony-stimulating factor (M-CSF), macrophage migration inhibitory factor (MIF), tumor necrosis factor β (TNFβ) and TNF-related apoptosis-inducing ligand (TRAIL). In additional two lesions, the levels of the same cytokines and chemokines were measured plus those of intercellular adhesion molecule 1 (ICAM1) and vascular cell adhesion molecule 1 (VCAM1). Spearman's correlation coefficients revealed a strong homogeneity between the two sides of the same metastatic lesion ([Fig. 5](#F5){ref-type="fig"}), with a median absolute difference between of 70 pg/mL. Of note, each of these lesions was from a distinct patient.

![**Figure 5.** Correlation between cytokine profiles detected on opposite sides of hepatic metastases. (**A--D**) Scatterplots of four different hepatic metastases from four different patients Units displayed on both axes are pg/mL (logarithmic scale) and each axis represents a different side of the lesion, with each spot representing a single analyte. Spearman's correlation coefficients (R~s~) were calculated for each of the four data sets, yielding the following statistics. (**A**) R~s~ = 0.882, p = 0.0001; (**B**) R~s~ = 0.922, p = 0.0001; (**C**) R~s~ = 0.9, p = 0.0001; (**D**) R~s~ = 0.975, p = 0.0001. Samples (**A**) and (**C**) were analyzed for 21 analytes, samples (**B**) and (**D**) for 23 (for the detailed list of analytes, please see the *Results* section).](onci-2-e24116-g5){#F5}

The immunological profiles of two synchronous metastases can be heterogeneous
-----------------------------------------------------------------------------

No material from large patient cohorts was available, but a case of synchronous hepatic metastases revealed a possible heterogeneity in this setting. The patient had not received any chemotherapy or other medical treatment and went directly to surgery for two synchronous hepatic metastases from CRC. Histological studies revealed that the metastatic lesions themselves as well as the immune cells infiltrating their invasive margin differed ([Fig. 6](#F6){ref-type="fig"}). The pathological diagnosis of hepatic CRC metastases was confirmed by conventional analyses performed at the local Institute of Pathology. No other primary malignancies were identified and---upon surgical tumor resection---the patient was treated according to the standard protocols for CRC.

![**Figure 6.** (**A**) Heterogeneity of synchronous hepatic metastases of colorectal carcinoma. Overview image of two synchronous hepatic metastases of colorectal carcinoma stained for CD3^+^ cells, showing a liver section with two round metastases (marked with an asterisk and a triangle, magnification 1.5×). (**B**) Magnification (10×) of the right metastatic lesion in (**A**) (triangle). CD3^+^ cell infiltrates are clearly discernible at the invasive margin and in the adjacent liver. (**C**) Magnification (10×) of the left metastatic lesion in (**A**) (asterisk). CD3^+^ cell infiltrates at the invasive margin are scarce, tumor cells accumulate at the same location, and the core of lesion exhibits large arterial vessels but mainly consists of stromal components.](onci-2-e24116-g6){#F6}

Although this finding is highly interesting, two other cases of synchronous liver metastases were comparatively more homogeneous with regard to the density of immune cell infiltration at the invasive margin ([Figs. 7](#F7){ref-type="fig"} and [8](#F8){ref-type="fig"}). Also in this case, no other primary malignancies were identified and patients received standard therapies.

![**Figure 7.** Homogeneity of synchronous hepatic metastases of colorectal carcinoma. (**A and B**) Overview image (2.5× magnification) of synchronous hepatic metastases of colorectal carcinoma stained for CD3^+^ cells. In this case, CD3^+^ cell infiltration in both metastases is comparable.](onci-2-e24116-g7){#F7}

![**Figure 8.** Homogeneity of synchronous hepatic metastases of colorectal carcinoma. (**A and B**) Overview image (2.5× magnification) of synchronous hepatic metastases of colorectal carcinoma stained for CD3^+^ cells. In this case, CD3^+^ cell infiltration in both metastases is comparable.](onci-2-e24116-g8){#F8}

Discussion
==========

In CRC patients, the density and profile ("good" vs. "bad") of immune cells infiltrating the primary tumor and metastases influence prognosis and treatment outcome.[@R4]^,^[@R10]^,^[@R15]^,^[@R21] To improve patient care, especially in the case of CRC patients bearing advanced, metastatic disease, the robustness of clinical predictors is of highest priority. The quantification of immune cell infiltrate as an indicator of the local immunological microenvironment has great potential in this sense.

Still, it is still unclear how the density of immune cells infiltrating primary CRC lesions and hepatic CRC metastases correlated and whether it is possible to obtain information on the immune infiltrate of metastases (and hence attempt a prognostic estimation) based on data collected in primary lesions. We observed a very heterogeneous distribution between the amounts of immune cells infiltrating primary tumors and metastatic lesions. Thus, in some cases, the infiltration of primary lesions and metastases by a given cell subtype was very similar, whereas in other cases, the density of the same immune cell type was rather different. Moreover, not always reduced extents of tumor infiltration in the primary tumor had parallel in metastases. The frequency of this heterogeneity could not be estimated in a large patient cohort, and 16 cases are too few for robust correlative statistics. We clearly observed a heterogeneity, but we cannot conclude on how often such a heterogeneity between primary tumors and metastases occurs. Similar studies in large cohorts of patients are required to obtain further insights into this issue.

We also wanted to assess how much the "good" or "bad" prognostic profiles of primary lesions and metastases correspond. Again, we observed a considerable heterogeneity. Thus, our findings indicate that it is not possible to predict the immunological profile of the hepatic metastases by analyzing only primary tumor lesions. Contrarily to the often high heterogeneity of primary lesions, single metastatic lesions displayed low internal variability in terms of immune cell density at the invasive margin, both across serial sections and at opposite anatomical sides.[@R16]^,^[@R22] Even more surprising, complex cytokine profiles measured in different parts of the invasive margin of the same metastatic lesion were highly concordant to each other. Thus, the density of the immune infiltrate as well as the local cytokines and chemokines appear to be consistent at the invasive margins of a single lesion. The variability in the extent of cell infiltration across serial sections of the same hepatic metastases was also very low.

These findings suggest that individualized treatment approaches based on the local immune microenvironment are possible, but low levels of heterogeneity can only be expected if large tissue sections are evaluated. With smaller sections, heterogeneity increases and hence the analysis of limited tumor regions alone can lead to the misinterpretation of immunological profiles and the misclassification of patients.[@R22] Another issue relates to how the density of the immune infiltrate differ in distinct hepatic metastases of the same patient.

In a single case, we observed that the density of the immune infiltrate can vary across multiple hepatic metastases of the same patient. This perhaps stems from different malignant clones of the primary tumor that invade the liver simultaneously or at different time points. Such a heterogeneity in metastatic liver lesions is well known in medical oncology, as in response to chemotherapy a "mixed response" often occurs, with some lesions regressing and others progressing. The fact that these single metastatic lesions differentially respond to chemotherapy may be suggestive of a difference in their immunological profile. Data from mouse models and clinical observations suggest that tumor can trigger a variety of immune responses, including prominent immunosuppressive responses such as those driven by regulatory T cells and myeloid derived suppressor cells.[@R23]^-^[@R25] Understanding which specific "immunological setup" leads to which specific pathway of "immune evasion" is an ongoing project. Another important issue that is raised by our results is whether host immune responses or the tumor biology define the density of immune cells infiltrating hepatic CRC metastases. As different metastatic lesions (infiltrated to different extents by immune cells) co-exist within the same patient, a tumor biology-linked cause for such a heterogeneity in immune infiltration (e.g., related to lymphangiogenesis) appears to be more plausible than a cause linked to the host immune system. As for effector T cells, a limited number of antigens within metastatic lesions may lead to a reduced infiltrate as metastatic cells are not efficiently recognized by T cells. Other explanations include sophisticated immune evasion mechanisms that are more developed in one specific metastatic lesion than in others. A key question here is whether the primary tumor already harbors different malignant cell clones or whether they arise on their way to metastatic sites. In addition to differences in tumor biology, there could be other (hitherto uncharacterized) factors within the seemingly homogeneous liver that account for the differential immune infiltration of two metastases, suggesting that an influence of the host in this process cannot be excluded. Indeed, in two additional cases of synchronous hepatic metastases within, the density of the immune infiltrate was concordant. As mentioned above, large patients cohort are required to reliably estimate the frequency of this phenomenon.

The finding that patients can bear an unfavorable immune infiltration in the primary tumor and a favorable on in metastases may indicate that there are multiple factors that influence the progression/selection of tumor cells that are on the way to metastasis. One possible explanation could relate to the selection of tumor cells that exhibit increased invasive properties while potently attracting immune cells. Moreover, the local microenvironment clearly plays a prominent role and for example differences between liver and lung metastases are obvious on a clinical as well as on a histological level. Thus, CRC patients bearing lung metastases typically have a better prognosis than similar patients bearing liver metastases. Moreover, there are fundamental differences in the composition of the immune infiltrate of lung and hepatic metastases.[@R26]^,^[@R27]

The main factors that guide decision making in oncology generally are the patient's overall status and histological information as provided by pathologists, which offers great opportunities for improvement.[@R28]^-^[@R30] We surmise that combined information on the immune infiltrate and/or cytokine profiles from multiple sites (primary tumors and metastatic lesions) will be the basis for better patient management. Understanding immunological tumor heterogeneity at different levels is important to reach this goal.

Materials and Methods
=====================

Patient material
----------------

Tissue samples were obtained from the Surgical Department of the University Hospital in Heidelberg and serial sections for immunohistochemistry were prepared from material provided by the tissue bank of the NCT Heidelberg. Written informed consent was obtained from all patients prior to analysis, after approval by the local ethics committee. [Table 2](#T2){ref-type="table"} lists the TNM classification and the corresponding concordance or discordance in immune cell classifications between primary tumors and hepatic metastases, as well as the timing of the diagnosis of the latter.

Immunohistochemistry
--------------------

Tissue specimens were immunohistochemically analyzed for their infiltration by CD3^+^, CD8^+^ or granzyme B^+^ cells. Tissue sections (4 μm) were prepared from formalin-fixed, paraffin-embedded tissue. Upon deparaffinization and rehydration, slides were transferred to a fully automated staining facility (Leica BOND-MAX^™^, Leica Microsystems) to optimize comparability. The slides were boiled in 10 mM citrate buffer (pH 6) for 20 min to retrieve antigens. Endogenous peroxidase activity was quenched by incubation with 0.6% H~2~O~2~ in methanol for 10 min. Sections were blocked with 10% normal goat serum (Vectastain^®^ Elite ABC kit, Vector). Mouse monoclonal antibodies recognizing human CD3ε (1:50 dilution, clone PS1, Acris), CD8 (1:40 dilution, clone 4B11, Novocastra) and granzyme B (1:50 dilution, clone 11F1, Novocastra) were applied as primary antibodies at room temperature for 30 min. Slides were then incubated with secondary antibody (rabbit-anti-mouse IgG, Bond Refine Detection Kit, Leica) for 8 min at room temperature. Further amplification of the signal was achieved through incubation with a third antibody, conjugated with horseradish peroxidase and coupled to dextrane molecules, for 8 min at room temperature (mouse-anti-rabbit IgG, Bond Refine Detection Kit, Leica). Revelation was performed by a colorimetric reaction with 3,3-di-amino-benzidine (DAB^+^ chromogen, Leica). Sections were counterstained with hematoxylin (Leica) and mounted with Aquatex (Merck).

Evaluation of immunohistochemical variables
-------------------------------------------

The number of positively stained immune cells was counted using a computerized image analysis system consisting of a NDP Nanozoomer (Hamamatsu Photonics) and a personal computer. Complete microscopic images of full tissue sections were automatically obtained for later automatic or visual analysis (virtual microscopy), allowing large-scale histological evaluations with high precision across the complete section. In this analysis, the average cell density across the measured region as well as the individual density of cells for each mm^2^ of tissue analyzed was used. In metastases, the "invasive margin" was defined as a region of 500-µm width on each side of the border between malignant cells ("metastases" and peritumoral stroma) and the hepatic tissue. For primary tumors a similar approach was taken, but the whole center of the tumor was also analyzed. This approach is supported by the findings of Galon et al.[@R15] For this publication, we used the cut-off values for the center of the primary tumor of 370 CD3^+^, 80 CD8^+^, 80 CD45RO^+^ and 30 GZMB^+^ cells/mm^2^. For the invasive margins of hepatic metastases we used our own published data.[@R4] For primary tumor profiles, a good (or a bad) profile was assumed when two of the three markers were above (or below) given cut-off values, as suggested by Galon et al.[@R15] For details on the heterogeneity of these markers please consult ref. [@R22]· Hepatic metastases were classified as having a good profile with a score of 3 and 4, and a score below 3 was considered as an indicator of bad profile. In the metastatic setting, no clear concordance between the density of the immune infiltrate at the invasive margin and the center of metastases was found.[@R16] Further data from 17 cases of CRC hepatic metastases corroborate this notion (see [**Table S1**](#SUP1){ref-type="supplementary-material"}, Spearman's correlation coefficient R = 0.39, p = 0.12).

All results are expressed as the mean of positively stained cells per mm^2^. Full sections were analyzed, with all evaluable tissue on the slide being used for quantification. Cell counts were performed with a dedicated software (VIS software suite, Visiopharm) to measure cell densities across a given region of interest (average = 10 mm^2^, max = 40 mm^2^) as previously reported.[@R4]^,^[@R22]^,^[@R31] All evaluations were visually checked for consistency.

Chemokine and cytokine detection in tissue lysates from dissected tissue sections
---------------------------------------------------------------------------------

Tissues were sectioned and compartments (tumor tissue from hepatic metastasis) dissected using a vacutome (Microm HM550) and a modified Leica AS LMD system, when needed. Hemalaun staining was used on separate sections to identify regions of interest. After dissection, small pieces of frozen tissue were transferred in 250 μL cold lysis buffer, vortexed, frozen at −80°C (10 min) and thawed on ice. After incubation in a cold ultrasonic bath (10 min), samples were frozen again at −80°C, thawed on ice and centrifuged (13.000 rpm, 20 min, 4°C). The protein concentration of the supernatant was determined and the concentration of lysates was adjusted to 1 mg/mL using human serum diluent (BioRad). Cytokine and chemokine concentrations in tissue lysates and sera were quantified by multiplex protein arrays, according to manufacturer's instructions (BioRad Laboratories).

Statistical analyses
--------------------

To estimate correlation between cell populations or cytokine levels between different sides of the same lesion, non-parametric Spearman's rank correlation tests were computed on SPSS 19.0 (IBM) ([Table 3](#T3){ref-type="table"}).

###### **Table 3.** TNM classification and cytokine profile\*

  TNM classification       Cytokine profile
  ------------------------ ------------------
  ypTx ypN0 M0             A
  pT3 pN1 (3/18) M1 GIII   B
  pT3 pN1 (2/29) M1 GII    C
  pT2 N1 M1                D

See also [Figure 4](#F4){ref-type="fig"}.

Supplementary Material
======================

###### 

Click here for additional data file.
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